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CHAPTER I - INTRODUCTION 
A. General 
1 
1. ~ General Fact of Spontaneous Recovecy. After a 
stimulus-response association has undergone some degree 
of experimental extinction, if the conditioned stimulus 
is witheld for a period or time, its reapplication will 
evoke the associated response to a greater extent than 
it did at the conclusion of the original extinction. 
Munn (46) declares he found no reported instance of 
failure to observe spontaneous recovery where it has 
been looked for. 
2. 1a! Cycle of Behavior Phenomena. Acquisition, ex-
tinction and spontaneous recovery are consecutive stages 
in a sequence of dependent behavior phenomena. Acqui-
sition of a given habit is a necessary antecedent for 
the experimental extinction of that habit. Both pro-
cedures must occur before spontaneous recovery can take 
place. Other behavior phenomena, such as external in-
hibition, forgetting, reminisence and disinhibition also 
fit into this temporal sequence. 
3. Status .2£. 2 Recovery Data. The amount and pre-
cision of our empirical knowledge of these phenomena as 
well as the theoretical consideration given them, seems 
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to be directly related to their sequential position in 
the cycle. Most of the emphasis has been placed on 
acquisition, somewhat less on experimental extinction 
and forgetting, and a very limited amount on disinhi-
bition and spontaneous recovery. While several experi-
ments record the existence of spontaneous recovery, 
generally as incidental to a parametric study of ex-
perimental extinction, there are no more than twenty 
investigations in the literature which record a change 
in spontaneous recovery as a function of a change in 
some independent variable. The empirical laws of spon-
taneous recovery, derived from these experiments, will 
be outlined in Part B of this introduction. 
4. Low Logical Priority 21 Recovez:z. There are several 
reasons for the lack of data on spontaneous recovery. 
First, there is the matter of logical priority. If 
these phenomena of behavior are arrayed in a dependent 
sequence then it is scientifically sound to fix as pre-
cisely as possible the characteristics of the first 
terms in the chain of events. For this reason acqui-
sition has been the subject of most behavior studies, 
and spontaneous recovery, on the end of the chain if we 
ignore any repetitions of the cycle, has been least 
studied. 
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Research on acquisition and extinction has ad-
vanced the methodology and uncovered new determining 
variables in these areas which in turn attract more 
studies. The resultant proliferation of data on acqui-
sition and extinction has been obtained to some extent 
by the neglect of spontaneous recovery. 
5. Variability of Recovery~· Secondly1 there is 
the factor of experimental simplicity and reproduci-
bility. It is plainly difficult~ as Spence (56) as-
serts, to produce consistent data from an experiment 
which involves several varieties of dependent behavior 
phenomena, i.e., acquisition, extinction and spontane-
ous recovery~ as opposed to an experiment which in-
volves only one or two. Analysis will disclose at 
least three sources or variability in spontaneous re-
covery. First there is the variance inherent in 
acquisition. Interacting with this is the larger 
variance associated with nonreward in experimental ex-
tinction. The resultant variability has been con-
sidered under such rubrics as agitation (2, 43), neu-
rotic behavior (42), conflict (42), frustration-
aggression (15) and disinhibition. Activity, random 
or controlled 1 during the recovery period itself is 
a third distinct source of variation which interacts 
with the variance due to acquisition and extinction. 
An early study of Hilgard and Campbell (23) attests 
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to the extreme variability in the study of spontaneous 
recovery. They began their experiment with 63 subjects 
the data from 36 of whom could ultimately be used to 
demonstrate recovery. Evenso the differences, due to 
"underlying variability", failed to show significance. 
Graham and Gagne (16) began an experiment with 34 rats 
and dropped eight for failure to meet the acquisition 
criterion and an additional five for failure to meet 
the extinction criterion. Miller and Miles (42) 
remark, "One of the most striking results of the non-
reinforced trials is an increase in the variability 
of the animals' behavior. Also aberrant behavior such 
as biting, etc. From these and other observations it 
is our opinion that the removal of reward produces 
quite a constellation of 'neurotic' or 'conflict' 
symptoms which are worthy of further study.u 
6. Multiple Habit Studies. A study of spontaneous 
recovery which interpolates some sort of a fixed 
5 
s-Rl activity rather than random or zero activity be-
comes a multi-habit study. The only requirement is 
that this interpolated S-R unit not be the habit under-
going spontaneous recovery. The interaction (transfer) 
of two or more habits at any point whatever in the be-
havior sequence has only occasionally been investigated 
in animal learning (11, 38). It has more frequently 
been studied in experiments on transfer and retroaction 
in human motor and verbal learning. 
7. Status of Recovery Theories. The state of the theo-
retical treatment of spontaneous recovery matches the 
impoverished state of empirical infor.mation and it is 
not unlikely that the paucity of data is responsible 
for the lack of hypotheses and theoretical integration. 
Nevertheless, Underwood (63) and Osgood (47) recently 
lThe following symbols appear in this paper. Su (un-
conditioned stimulus); Sc (conditioned stimulus); Rc 
(conditioned response); S-R (stimulus-response); GSR 
(Tarchanoff psychogalvanic skin response); CER (con-
ditioned eyelid response); OL (original learning); 
RI (retroactive inhibition); IL (interpolated learn-
ing); RL (relearning); sHR (habit strength); IR (re-
active inhibition); siR (conditioned inhibition); 
sER (reaction potential). 
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have pointed out that an adequate account of spontane-
ous recovery is as necessary for a comprehensive theory 
of learning as an account of experimental extinction 
and acquisition. 
Only five or six learning theorists, however, have 
ventured accounts of spontaneous recovery. These will 
be outlined in Part c. Three of these formulations 
were originally intended to comprehend all of the basic 
phenomena of behavior, including spontaneous recovery. 
All three derive their account of decrement in perfor-
mance and its recovery from the Pavlovian concept of 
internal inhibition. Two other accounts extend theories 
based on the concept of interference. These elabo-
rations were designed specifically to account for the 
phenomenon of recovery which embarrassed the funda-
mental interference for.nulation. 
B. Facts of Spontaneous Recove~ 
1. Extinguished responses recover after a lapse of 
time, but as a rule the recovery is only partial. 
Pavlov (48) cites data from Babkin and Eliason 
which demonstrate the recovery of the con-
ditioned salivary response after intervals of 
20 minutes and 2 hours. Recovery in neither 
case was complete. Switzer {57) demonstrated 
the partial recovery of the GsRl after 3.5 
hours but recovery was still incomplete after 
a period of several days. Using a lenient 
criterion for extinction Miller and Miles 
{42) found almost complete recovery in a 
maze-running response after 13.5 minutes. 
Hilgard and Marquis {25) found only a 44 
percent recovery in the amplitude of a fully 
extinguished CERl in dogs after 24 hours. 
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2. The progress of spontaneous recovery is negatively 
accelerated in time, becoming asymptotic by 24 hours. 
Ellson {7) measured ·the recovery of a bar-
pressing response by having four groups of 
rats complete a second extinction at inter-
vals of 5.5, 25, 65 and 185 minutes after 
the first extinction series. He found re-
covery to be a positive growth function, 
negatively accelerated, of time. The maxi-
mum recovery was about 50 percent of the 
originally acquired strength of the response. 
Ellson {8) repeated this design with the 
human GSR. The course of recovery showed a 
similar but not significant trend when re-
sponse strength was measured as amplitude. 
When response strength was determined by 
number of trials to second extinction he 
found no corresponding function. Miller and 
Stevenson (43) measured recovery of a maze-
running response through an interval of 55 
minutes. About 75 percent of the maximum 
recovery was accomplished in the first 
minute. Finger (12) measured the recovery 
of the straight running response 4-1/2, 8 
and 17 minutes after extinction in several 
groups of three to five rats. Groups which 
had received 16 reinforcements showed more 
recovery after 17 minutes than after 4-1/2 
but the groups receiving fewer reinforce-
ments showed leas recovery after the longer 
interval. Graham and Gagne (16} measured 
the recovery of the straight running re-
sponse after intervals of 1, 3, 6 and 10 
minutes. As the interval was made longer 
the rate of recovery became proportionately 
less. The log latency at one minute was 2.01 
and at 10 minutes it had reached an asymptotic 
value of 1.54. The greatest recovery occurred 
in the first 3 minutes. The maximum recovery 
was only a small part of the originally ac-
quired strength of the response. Gagne (13) 
showed the further recovery of the same run-
ning response between 10 minutes and 24 hours 
to be very slight. Hilgard and Campbell (23) 
compared the amount of conditioning 1 day, 
and 1, 4, 8 and 20 weeks following extinction 
and found no reliable difference. 
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3. Spontaneous recovery is a function of the depth of 
preceding extinction. 
This factor was mentioned by Pavlov (48) al-
though he cited no data. Razran (51) tested 
spontaneous recovery of a salivary response 
48 hours after imposing six different degrees 
of extinction and found the recovery to be 
about 50-70 percent of the amount of the ex-
tinction. Hovland (27) found that the GSR 
conditioned to an auditory S and extinguished 
to 65.1 percent of its original value re-
covered 12.6 percent, while the GSR ex-
tinguished to 90.5 percent of its original 
value l2!] an additional 7.8 percent. Hovland 
and Razran consider measured recovery to be 
the resultant of spontaneous recovery and simul-
taneous forgetting. 
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4. Spontaneous recovery is reduced by sub-zero extinc-
tion. 
Pavlov (48) and McGeoch and Irion (39) report that 
the amount and rate of spontaneous recovery are 
reduced by sub-zero extinction but cite no data. 
5. The rate of spontaneous recovery is considerably 
faster than that of forgetting. 
Razran (50) analyzed two curves of recovery 
and deter.mined the rate of spontaneous re-
covery to be about four times as great as 
that of forgetting. 
6. Spontaneous recovery is a function of the strength 
of the conditioned reflex or the number of acquisition 
trials. 
This factor was mentioned by Pavlov (48) 
without citing data. Lawrence and Miller 
(34) found that rats with 16 acquisition 
trials on a running response were faster on 
the test for spontaneous recovery than those 
with 8 trials. The difference, however, was 
not significant. The Lawrence and Miller 
study repeated with modifications an earlier 
study by Finger who found similar trends. 
Youtz (68) found spontaneous recovery in a 
group of rats receiving 40 acquisition trials 
on a bar-pressing response was greater than 
in a group receiving 10 acquisition trials 
when recovery was measured by the number of 
responses to extinction after a 24 hour 
interval. Both groups showed approximately 
the same ratio of second extinction trials 
to first extinction trials (.53 and .58). 
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7. Spontaneous recovery is a function of the number of 
times the experimental extinction has been repeated. 
This fact was indicated by Pavlov (48} with-
out any data presentation. Porter (49) 
found the latency of the CER increased on 
each of three successive recoveries follow-
ing experimental extinction. Underwood (62) 
found the greater the number of extinction 
periods, the greater the number of trials 
required to relearn the original list of 
verbal associations. 
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a. More spontaneous recovery occurs in the generalized 
than in the specific conditioned responses. 
Razran (52) attributes the first report of 
this phenomenon to Horn and Degtiareva. 
Hovland (27) found more recovery in a gener-
alized than in the specific GSR tested arter 
24 hours. In another experiment Ellson (7) 
extinguished four groups of rats on a verti-
cal bar-pressing habit, and then after re-
covery periods of 5.5, 25, o5 and 185 minutes 
they were extinguished on a horizontal bar 
habit. Spontaneous recovery from reaction-
generalized extinction effects was found to 
be a negatively accelerated positive-growth 
function with a maximum recovery twice as 
great as that of the specifically extin-
guished response. Ellson (8) repeated this 
experimental design with the human GSR but 
found no corresponding function when the 
measure of spontaneous recovery was the number 
13 
or trials to extinction. 
9. Spontaneous recovery is not a runction of skill in 
performing a learning task interpolated2 between ex-
tinction and the test for recovery. 
Estes (9) round no significant dirference in 
the recovery of a bar-pressing habit after 
45 days during which maze-running was inter-
pola.ted ror a group of "maze-bright" and a 
group of "maze-dull" rats. 
10. Relative to the recovery during interpolated rest, 
recovery is enhanced by the interpolated acquisition or 
a similar S-R association. 
Liberman (35) compared the recovery of the 
tone-GSR combination in three groups of sub-
jects. One group had received interpolated 
reinforced trials on the CER conditioned to 
a light, a second group received interpolated 
reinforced trials on the CER conditioned to a 
2rn this paper 'interpolated' will refer only to an 
activity which occurs between the cessation or extinc-
tion and the test ror spontaneous recovery. 
buzzer and the third group received inter-
polated rest. The first and second groups 
both showed more recovery than the third. 
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11. Relative to the recovery during interpolated rest, 
recovery is depressed by the interpolated extinction or 
a similar s-R association. 
Liberman (35) also compared the recovery or 
the tone-GSR combination in three groups of 
subjects. One group received interpolated 
non-reinrorced trials on the CER conditioned 
to a light, a second group received inter-
polated non-reinforced trials on the CER con-
ditioned to a buzzer, and a third group re-
ceived interpolated rest. The first and 
second groups showed less recovery than the 
third. 
12. The effect of an interpolated activity on the re-
covery of the original activity is a function of the 
sLmilarity between the two S-R associations. 
Liberman (35) reported that an extinguished 
GSR originally conditioned to a tone showed 
more recovery rollowing the interpolation of 
a reinforced CER conditioned to a buzzer than 
following the interpolation of a reinforced 
CER conditioned to a light. It showed less 
recovery following the interpolated extinc-
tion of the buzzer-CER combination than 
following the interpolated extinction of the 
light-CER combination. The buzzer-CER ac-
tivity was considered to have a greater a 
priori similarity to the tone-GSR combi-
nation than was the light-CER activity. 
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13. Spontaneous recovery is decreased following an ex-
tinction procedure that sets up a discrimination be-
tween stimuli. 
Hilgard and Humphreys {24) report that the 
spontaneous recovery of a response extin-
guished in the course of discrimination 
learning appears to be less than following 
ordinary extinction. Liberman (35) had two 
groups of rats acquire a running response in 
adjoining black and white alleys. One group 
was extinguished on both black and white 
alleys while the second was extinguished on 
the black and simultaneously reinforced on 
the white. The latter group, required to 
discriminate between alleys during extinction, 
subsequently demonstrated less recovery on 
the black alley. 
14. Spontaneous recovery occurs in a response origi-
nally acquired only with secondary rein£orcement. 
Mote and Finger (44) demonstrated that a 
straight running response acquired with a 
food box, but no food, in the goal position 
will show more recovery than a control group 
ror which neither rood nor rood-box are 
present and in which running is motivated 
only by an exploratory drive. The animals 
earlier had an opportunity to associate the 
rood-box with rood. 
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15. Spontaneous recovery occurs in the temporal occur-
rence o£ a trace or delayed conditioned response, as 
well as in the strength of an experimentally extin-
guished response. 
When the onsets of the conditioned and un-
conditioned stimuli are separated in time by 
an interval in excess of 10 seconds the con-
ditioned response which at first occurs im-
mediately on presentation of the scl will, 
with successive repetitions, come to be 
elicited closer to the onset or the sul. 
Switzer (57) and Rodnick (53) have both re-
ported that, rollowing a period when the Sc 
is not presented, the delayed Rc , upon subse-
quent presentation or the Sc, will be shown 
to have spontaneously advanced to a temporal 
point or occurrence close to the Sc. 
C. Theories or Spontaneous Recovery 
17 
1. Continuity with Theories£! Decrement. Continuous 
with Razran 1s (52) classirication or theories or decre-
ment in learned response, the theories that account ror 
the spontaneous recovery or the response can be grouped 
generally around two major concepts (1) the dissipatioD 
or inhibition and (2) the interrerence of s-R associ-
ations. In the rirst class we can group Pavlov, and 
Graham and Gagne. The second class includes Miller and 
Liberman. Hull, who accounts for decrement in terms or 
both concepts, attributes recovery solely to the dissi-
pation or inhibition. 
2. Pavlov (48) proposed that the contiguous presen-
tation or the Sc and the response-evoking Su results in 
an increment to a cortical process he called excitation. 
18 
Excitation occurs as path facilitation between the af-
ferent nervous path of the Sc and the efferent path of 
the Rc. It is opposed by a second hypothetical neural 
entity called internal inhibition which accrues with 
each presentation of the Sc. When the Sc occurs alone, 
without the occurrence of the Su to prompt a response, 
the accrued inhibition begins to exceed the amount of 
excitation and results in the behavioral phenomenon of 
experimental extinction of the Rc. While Pavlov refer-
red to excitation and inhibition as neurophysiological 
entities, they gain in theoretical usefulness if 
thought of as purely syntactical terms intervening be-
tween expressions describing the empirical events of 
stimulus and response and not as hypothesized neural 
processes. 
"Left to themselves, extinguished conditioned re-
flexes (which had been fully established) spontaneously 
recover their full strength." There is implicit in 
this statement by Pavlov the notion that the internal 
inhibition simply dissipates with time so that the more 
persistent state of excitation becomes relatively 
stronger. This readjustment of the balance between 
inhibition and excitation is accompanied by the spon-
taneous recovery of the reflex. 
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3. Graham~ Gagpe (16) reduced Pavlov's neurological 
account or behavior to a loose calculus of propositions. 
The Pavlovian terms for the critical empirical events 
were retained, as were the constructs of excitation (e) 
and inhibition (i). The constructs, however, were re-
defined as intervening ter.ms with the functional 
properties of the Pavlovian concepts but without his 
surplus physiological meaning. It is apparent, never-
theless, that the functional interrelationship of (e) 
and (i) was suggested by an analogy with biological 
processes. 
In the Graham and Gagne system response magnitude 
is a function of the concept excitation, which in turn 
is a function of the number of trials, magnitude of Sc, 
magnitude of Su, number of presentations of Sc, and the 
errects or these stimuli through time. Experimental 
extinction is due to the absence of Su. It parallels 
the accumulation of inhibition which on each elici-
tation or the response "deactivates" a certain amount 
of excitation. Spontaneous recovery, then, is due to 
the slow "reconversion" or inhibition to excitation. 
The process is likened to a metabolic change which pro-
ceeds at a rate dependent on the amount or inhibition 
present in the organism. The final asymptotic level or 
20 
expe rimental extinction is an equilibrium between 
spontaneous recovery and a process of decreasing exci-
tation which opposes it. Predictions about spontaneous 
recovery derived from the Graham and Gagne scheme cor-
respond closely with those from Pavlov. 
4. Miller and Miles (42) offered three alternative 
accounts of excitation and spontaneous recovery. The 
first employs the Pavlovian constructs of excitation 
and inhibition. The inhibition process, responsible 
for extinction behavior, is more "fragile" than the 
excitory process. The dissipation of inhibition is 
more effected by the passage of time and the read-
justment of the balance between the two processes 
results in spontaneous recovery. The second scheme, 
hardly discriminable from the first except in its use 
of interference terminology, states that non-rewarded 
trials set up processes which interfere with the 
existing habits. Being of more recent origin, the 
interference processes disappear more rapidly with 
time, resulting in the spontaneous recovery or the pri-
mary habit. 
The third scheme is definitely an interference ac-
count and is preferred by Miller. There is only one 
type of process, the excitatory. Non-rewarded trials 
21 
build up habits which interfere with the primary habits. 
Since newer habits are more susceptible to interference 
than older ones the recent interfering habits are for-
gotten more rapidly than the older habits which appear 
to recover spontaneously. 
schematically in Figure 1. 
The process is represented 
Skinner {55) at one time 
held the similar view that recovery was due to "the 
forgetting of the extinctive experience". Implicit in 
Miller's account is the notion that decrements in per-
formance, notably forgetting and extinction, are due to 
interference. In Figure 1, the forgetting of the origi-
nal habit is represented by the slope AB. This decline, 
rapid at first and then approaching an asymptote, is 
caused by interference from new s-R connections not 
represented in the diagram. The acquisition of one 
particular competing S-R unit is, however, represented 
by CD. The interfering response displaces or extin-
guishes, the original response. At D the new con-
nection also begins to be forgotten, rapidly at first 
and then more slowly, causing the recovery of the 
original response AB. 
There are several inconsistencies in Miller's 
theoretical picture. First, both forgetting and extinc-
tion are described as phenomena of interference and not 
otherwise distinguished, but only the extinguished 
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response recovers. Further, extinction is portrayed as 
an abrupt interference by a particular S-R combination 
while forgetting is a gradual attrition. Miller and 
Stevenson (43), in a subsequent study, also found that 
the initial rate of spontaneous recovery (75 percent 
of the total recovery to occur in 55 minutes occurred 
in the first minute of the recovery period) was too 
rapid to be consistent with an explanation based 
entirely on the gradual forgetting of the competing 
response. This fact has often been invoked as a 
principal criticism of interference theories (26, 47, 
52). To account for this inconsistency Miller and 
Stevenson proposed an additional factor, disinhibition, 
caused by a break in the rhythm of the rewarded trials. 
This is a thoughtful consideration. Increments in per-
formance identified as spontaneous recovery and disin-
hibition may indeed represent the same underlying 
process distinguished only by the temporal point of 
occurrence of the disinhibition factor, i.e., a change 
in the stimulus energy pattern during extinction vs. a 
similar disturbance at the end of extinction, during 
the recovery interval, or at the test for recovery 
itself. 
5. Liberman (35), also a Miller student, retained the 
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idea recovery was due to the forgetting of a competing 
response. He made his account more plausible, however, 
by including an intricate explanation of the discrepan-
cies between forgetting and recovery. 
To account for spontaneous recovery Liberman inte-
grated concepts and ter.minology customarily associated 
with either animal learning or human verbal learning. 
The system is a variety of that group already referred 
to as interference theories of learning. Principal 
among these is the formulation of Guthrie (18}. Others 
include those of Winsor (67}, Wendt (64), Miller and 
Dollard (41), Culler (5) and Estes (11).3 All of these 
theories propose that the decrement 1n performance that 
occurs during experimental extinction is due to the 
concommittant acquisition of other responses. Some of 
these interference theorists, notably Winsor, and 
Miller and Dollard hold that at least one of the alter-
native responses is that of no-response. Learning not 
to respond is characterized as negative learning and it 
is with this sub-group of interference theorists that 
Liberman is particularly identified. With this as its 
3Another interference hypothesis, although concerned 
with cognitions rather than S-R units, is that of 
Tolman {61} who says 11 the deacquisition of one field 
expectancy results from the learning of another con-
flicting expectancy". 
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context 1 Liberman's theory can be divided into two 
parts: (1) the identification of spontaneous recovery 
as the retroactive inhibition of negative learning; and 
(2) the proposition that spontaneous recovery proceeds 
at a faster rate than the forgetting of positively 
learned responses because of the broader generalization 
of extinctive effects. 
First 1 Liberman assumes that all forgetting is due 
to retroactive inhibition.4 Spontaneous recovery occurs 
when the negatively learned association is forgotten, 
or is retroactively inhibited by an activity that takes 
place between extinction and the test for spontaneous 
recovery. However, the commonplace that spontaneous 
recovery proceeds at a rate not commensurate with the 
slower rate of forgetting of positive responses has 
already been cited. The second part of Liberman's 
theory resolves this anomaly and constitutes his most 
unique contribution. 
In the second part of his theory Liberman makes 
the further assumption that the effects of extinction 
generalize more broadly than do the effects of 
4This is an extreme position. McGeoch and Irion (39), 
et al, hold that other, nonassociative, factors besides 
retroactive inhibition, contribute to forgetting. 
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acquisition. Pavlov and Hull refer to this as the 
generalization of inhibition and for Liberman, of 
course, it is the generalization of negative learning. 
In support of his assumption Liberman cites evidence 
that more responses are depressed when a specific re-
sponse is extinguished than are facilitated when that 
same response is acquired (17, 48, 65, 66). Liberman 
(37) himself demonstrated the phenomenon in a defini-
tive study. The basis of this broader generalization, 
he suggests, is that during extinction any non-response 
is suitable since in no case will the subject be re-
warded, whereas in acquisition only a very narrow range 
of response can be successful. A negatively learned 
association, therefor, subtends more S-R units, all of 
which would be defined as similar in this particular 
respect. The rewarded performance of any of the sub-
tended associations during the interpolation period 
will generalize back to reduce the tendency not-to-
respond of the negative habit. Liberman concluded 
tnat the retroactive inhibition of a negatively learned 
association would therefor proceed at a faster rate 
than retroactive inhibition of positive learning. This 
process is accompanied by the relatively rapid recovery 
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of the reciprocal positive association.5 
The congruency of the retroactive inhibition para-
digm, OL-RI-RLl, and Liberman's model for negative 
learning and spontaneous recovery is illustrated in 
Figure 2. By integrating the two phenomena Liberman 
makes it possible to draw inferences about spontaneous 
recovery from some of the determining variables identi-
fied in the relatively extensive literature on retro-
action and transfer summarized by Brogden (4) and 
Hovland (28). Some of these variables are time of 
interpolation, similarity of OLand IL, degree of OL 
and of IL, and amount of IL with degree held constant. 
Liberman published three experiments in support of 
this theory. The first sought to demonstrate the im-
plications that the amount of spontaneous recovery is a 
function of (1) the kind of activity interpolated, that 
is, rest, acquisition or extinction of a second S-R 
connection, and (2) the a priori similarity of the 
5\Y.hile Liberman has chosen to enumerate the circum-
stances of spontaneous recovery tnat might account for 
it being more rapid than forgetting, Melton (40) lists 
special conditions of forgetting which may cause for-
getting to be as rapid as spontaneous recovery. 
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original and interpolated S-R units (35). The origi-
nal association was the GSR conditioned to a tone while 
the interpolated activities were the CER conditioned to 
a buzzer and to a light flash. The first prediction 
was a.f.firmed when the interpolated acquisition of both 
the CER-buzzer and CER-light combinations were ac-
companied by more recovery than accompanied their 
interpolated extinction, and rest was accompanied by 
an intermediate amount. The interpolated acquisition 
or extinction of the CER-buzzer combination showed a 
greater effect of recovery than did the corresponding 
procedures with the CER-light combination. This result 
supports the second hypothesis. However, of the eight 
inter-treatment comparisons in the two parts of the ex-
periment only two, the difference between interpolated 
acquisition of the CER-buzzer combination and its ex-
tinction, and the difference between its interpolated 
acquisition and rest, met the usual standard of 
significance. 
The second Liberman (36) experiment demonstrated 
the theorem that an extinction procedure that was de-
signed to limit the generalization of negative learn-
ing would result in less spontaneous recovery. Two 
subject groups acquired a running response in adjoining 
black and white alleys. One group was extinguished on 
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both black and white alleys while the other was extin-
guished on the black and simultaneously reinforced on 
the white. The latter group~ required to discriminate 
between alleys during extinction demonstrated less re-
covery on the black alley. No effort was made to con-
trol the interpolated lear~ing; the rats simply spent 
the hour-long recovery interval in rest cages. 
Liberman's (37} third experiment was designed to 
test the assumption of the theory that the generali-
zation of negative learning is of greater extent than 
that of positive learning. Positive learning of a 
running response was found to have no transfer effect 
at all on the positive learning of a bar-pressing re-
sponse and vice versa. However~ negative learning of 
the running response was found to accelerate (transfer 
positively to} the subsequent extinction of bar-pressing 
and vice versa. This experiment does not deal directly 
with interpolated learning or spontaneous recovery. 
6. ~ (29), beginning with Pavlov's descriptive clas-
sification or behavioral events~ assembled an eclectic 
propositional system more rigorous and detailed than 
that of' Graham and Gagne. Although centered on the 
principle of' reinforcement rather than contiguity, Hull 
retained Pavlov's constructs of excitation and inhi-
bition. The concepts were retained, however, as logico-
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mathematical intervening variables rather than hypo-
thetical neural events. In addition to Pavlovian inhi-
bition Hull also used concepts of interference and 
negative learning to account for the phenomena of re-
sponse elimination. 
Hull declared that each conjunction of stimulus and 
response occuring in close temporal proximity to a rein-
forcing stimulus and multiplied by a drive factor# 
results in an increment of positive response tendency 
(sER).6 The "E" is this term reflects the historical 
tie of this concept with Pavlov's excitation construct. 
Opposed to sER is reactive inhibition {IR) a quantity 
which increases in magnitude with each response. This 
concept corresponds to Pavlov's internal inhibition 
except that the Pavlovian inhibition accrued to the 
presentation of the Sc. 
Hull further proposed that the temporary resting 
of not responding, occurring during either acquisition 
or extinction, reduces the need to rest due to the 
accumulation of IR. This reinforces the conjunction of 
6other details of these systems, not essential to the 
purpose of this paper, are omitted for the sake of 
brevity. 
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non-response with the Sc resulting in an increment to a 
negative habit called conditioned inhibition {SIR). 
While IR "dissipates with the passage of time", siR per-
sists in the manner of positive habit potential (SHR). 
The gradual dissipation of IR with time permits 
the positive response potential sER, to which both IR 
and siR are opposed, to become relatively stronger. 
This leads to increased response strength and to the 
recovery of the extinguished response.? Conditioned 
inhibition remaining immutable, and cancelling to some 
small degree sER, spontaneous recovery can never, ac-
cording to this scheme, be complete. Tnis is in con-
trast to predictions from Pavlov {48) but in agreement 
with most of the data. If a habit, after spontaneous 
recovery, undergoes further experimental extinction 
there is an additional accumulation of durable siR so 
that upon each successive recovery, Hull predicts, the 
response will be of smaller magnitude. 
Forgetting, only briefly touched upon, is treated 
7Pavlov, Hull, and Graham and Gagne agree that spontane-
ous recovery is a function of time. This is analogous 
to the Law of Disuse as an explanation of forgetting. 
Time of itself, of course, cannot be a cause, serving 
only to provide an opportunity for the determining 
events to occur. 
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as an interference phenomenon. It results from the as-
sociative inhibition of the dominant response when 
several incompatible response potentials are evoked by 
the action of a particular stimulus or compound stimulus 
pattern. Guthrie (19} also identifies forgetting with 
associative inhibition. 
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CHAPTER II - STATEMENT OF THE PROBLEM 
A. Empirical Significance 
With the exception of Liberman's (35) first ex-
periment there have been no investigations of spontane-
ous recovery in either humans or infrahumans as a func-
tion of the interpolated acquisition or extinction of 
a second S-R association. Liberman's experiment uti-
lized the labile GSR and the results in general are 
not significant. 
The purpose of this experiment is to provide data 
on the spontaneous recovery of a partially extinguished 
instrumental response in the white rat as a function of 
three variates: the interpolated (1) acquisition or (2) 
extinction of a second instrumental response, or (3) a 
corresponding period of interpolated rest. 
B. Theoretical Implications 
In addition to its pure empirical value, the data 
will provide a measure of confirmation of predictions 
derived from two principal theories of recovery, those 
of Hull and Liberman. The design, however, will not 
provide a basis for declaring one theory to be more 
probable than the other since deductions from both 
theories with respect to these variates eventuate in 
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very nearly the same predictions. 
1. Hull. The dissipation or IRl will be common to all 
three experimental groups during the recovery period. 
In the rest group, where this factor will act alone, 
the corresponding recovery in response strength will be 
a positive growth function. In the acquisition group, 
under conditions of distributed practice or post-acqui-
sition rest, generalization of positive habit strength 
(sHR) will supplement the dissipation of specific IR, 
and this group will show ~ recovery than the rest 
group. In the extinction group the generalization of 
extinctive errects from the interpolated extinction, 
will counteract the basic process of IR dissipation to 
some indeterminate degree. The extinction group will 
show~ recovery than the rest group. The extinction 
group may in ract show a decrement from its partially 
extinguished value. 
2. Liberman. The acquisition of a second similar s-R 
relation during the recovery period will retroactively 
inhibit the negatively learned response of "no response". 
There will be a corresponding recovery of the reciprocal 
positive response above its partially extinguished value. 
The interpolated extinction of the similar S-R relation 
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will generalize to strengthen the negatively learned 
response of "no response". There will be a corresponding 
decrement in the reciprocal positive response below its 
partially extinguished value. The rest group will lie 
somewhere between these two groups showing neither re-
covery nor fUrther decrement of the positive response. 
One of the conditions for the validity of this deduc-
tion is that the original and the interpolated tasks 
be similar. A priori similarity is not enough. 
Liberman's operational definition requires that positive 
transfer be demonstrated from the negative learning of 
one task to the negative learning of the second. The 
experiment will be designed to make this demonstration 
possible. 
The two theories then make almost the same quali-
tative predictions about the outcome of the experiment. 
The only difference lies in predicting the recovered 
response strength of the rest group relative to its 
level before recovery. Liberman says it will be the 
same if rest means absolutely no positive or negative 
learning. Hull says recovered response strength must 
be greater than its level before recovery due to dissi-
pation of IR. 
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Figure 3 gives a schematic picture of the course 
of recovery for the three groups as predicted from the 
two theories. 
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FIGURE 3 THEORETICAL COURSE OF RECOVERY DUE TO INTERPO-
LATED ACQUISITION (A), EXTINCTION (f) AND REST (R) AC-
CORDING TO: HULL (I) AND LIBERMAN (II) (II 0:> 
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CHAPTER III - EXPERIMENTAL PROCEDURE 
A. Subjects 
The subjects used in the experiment were 144 male 
albino rats purchased from the Charles River Breeding 
Laboratories. Of this number 20 were eliminated during 
the training period for failure to acquire the bar-
pressing response. The criterion for failure was five 
trials in the first ten with a response latency exceed-
ing two minutes. Two additional animals were discarded 
due to procedural errors of E so that the final number 
of subjects was 122. The animals ranged between 70 and 
90 days of age when they began preliminary training and 
their average weight was 176 grams. The 122 subjects 
were separated on Day 1 into two groups of 29 and 93 
rats each. The smaller group was labelled Group c. 
The larger group was later divided into three experi-
mental groups of 31 subjects each. The three experi-
mental groups were labelled A, E and R according to 
their respective experimental treatments. The animals 
were assigned to these groups so as to equate the median 
response latencies of the three groups on Trial 10 of 
the first extinction aeries. 
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B. Apparatus 
A movable bar and a swinging panel were mounted 1n 
opposite ends of an unpainted 3/8 inch plywood box 
11-1/4 inches long by 6 inches wide and 5 inches high 
(inside dimensions). Each manipulanda could be con-
cealed by an aluminum guillotine door or shutter oper-
ated by E by a cord leading outside the box. The box 
is illustrated in Figures 4 and 5. 
1. Panel Device. A 3-1/2 inch square brass plate was 
set flush with the inside surface of each endwall, on 
the centerline, and meeting the floor. One plate con-
tained the swinging panel, 2-1/2 inches high and 1-1/2 
inches wide, hinged at the top to swing freely when a 
light pressure was applied from within the box. A 1/8 
inch displacement of the panel closed a BF2RW-22 micro-
switch (spring removed) which operated a 6V solenoid 
mounted outside the endwall and connected to the panel 
by a rubber cord. The solenoid, when actuated, opened 
the panel an additional 3/8 inch and held it in this 
position until released by E. The fully opened panel 
disclosed a brass food trough, accessible from outside 
the box, and into which pellets were placed by E 
between trials. 
SOLENOID I • _-4-SHUTTER 
SLOT 
SHUTTER I ' SLOT I • I SOLENOID 
I r1 
1<1' I II 
. I DOOR I I 
II I L..J -
IL-=-- - - _-_-_-:JIC-
----;-1-;-1 1c - - - - 1 
SHUTTER I 
RUBBER I -
CORD 5 I \_ 
M S ----t---t-----r-t 
PAN E L ----t--""-.:::-~ 
(OPEN} 
I Y+--TRIGGER 
/•/ TUBE 
---BAR (EXTENDED} 
• ~>1 S H U T T E R 
....__-LINKAGE 
•II MS 
-- - - - - -- -- -- -- -- -- - -- -- - _,_ - FOOD TRAY 
W-------11 t-----~ 
FIGURE 4 EXPERIMENTAL BOX, SIDE ELEVATION 
~ 
...., 
DOOR ------+-~ 
WINDOW -------t-t----~ 
SOLENOID ---t-~ 
END WALL-----~ 
3" X 3" BRASS PLATE ' .&' 
PANEL "~ 
FEEDING ~ 
TROUGH 
MICROSWITCH ___ _/ 
~~ SOLENOID 
v 1 ALUMINUM \,,,,,,,,,,,,,,'&fr , N sHuTTER 
(OPEN) 
J+----, DRAW 
STRING 
BAR \~~~~ Ll II ''"XTENDEO) 
~FOOD TRAY 
FIGURE 5 PERSPECTIVE OF EXPERIMENTAL BOX, 
CUTAWAY TO SHOW BAR IN EXTENDED POSITION 
111-
l\:) 
43 
2. ~Device. The brass plate in the opposite endwall 
contained a rectangular aperture 1-1/2 inches long and 
one inch high in which was pivoted a hollow brass prism 
built up of shimstock. The prism, or bar, approximately 
triangular in cross section, was so balanced that it 
normally swung forward and extended one edge 5/8 inch 
into the box. When extended, as in Figures 4 and 5, 
the top surface of the bar was nearly horizontal, 
sloping about 10 degrees. The bottom surface in this 
position was curved so that the bar could not be moved 
by pushing against this surface. A 4 gram pressure ap-
plied to the top flat surface was sufficient to depress 
the bar 1/4 inch and close a V4-14 mlcroswitch mounted 
outside the endwall. The switch operated a second 
solenoid which was fixed to the endwall and connected 
to an external projection of the bar via a linkage. 
The action of the solenoid was to complete the rotation 
of the bar about 80 degrees so that the flat surface 
closed flush with the face of the brass plate. With 
the bar fully retracted the animal could make no ad-
ditional bar-pressing responses. Food pellets dropped 
into a small brass food cup directly below the bar 
through a tube projecting outside the box. A single 
pellet was placed in the tube by E prior to each trial. 
The pellet was released into the cup by a trigger 
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operated by the same solenoid that retracted the bar. 
There was a considerable difference in the nature 
of the bar-pressing and panel-pushing responses as they 
were executed by the rats. The bar was uniformly oper-
ated by a downward motion of the rat's paw. The stereo-
typy of this performance grew with an increase in the 
number of trials. In contrast to this the rat usually 
used his nose to push open the panel. 
A door in the top of the box contained a fine 
screened 4-1/2 inch diameter window which admitted 
light and air. The light source was a 60 watt fluo-
rescent lamp directly over, and eight inches above, 
the window. 
Figure 6 contains a wiring diagram which shows how 
the Standard Electric Timer (S.E.T.) was connected to 
both the bar and the panel devices. Positioning a 
toggle switch determined whiCh response was to be 
timed. Raising the corresponding shutter started the 
clock and it was stopped by the response of the animal. 
The clock started immediately when the shutter before 
the panel left the floor. The clock also started when 
the shutter before the bar was raised 2 inches. The 
bar or panel was reset when E disconnected the appro-
priate solenoid after closing the shutter. 
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In addition to the experimental box there were 
three plywood boxes for habituation and two for pre-
liminary training. All were of the same fonn and 
materials as the experimental box. The two prelimi-
nary training boxes each contained a food cup fixed to 
a brass plate set into one endwall and supplied through 
a tube projecting outside the box. The food pellets 
were tablets of Purina Lab Chow weighing .045 grams and 
having a diameter and thickness of 4 mm. 
The experimental room was darkened and relativel~ 
sound-proof. Internal noise was largely masked by the 
constant hum of a ventilating fan. 
c. Procedure 
1. Habituation. The animals were housed in living 
cages 17 inches square and 11 inches high (inside 
dimensions) with five or six animals per cage. A 
period of ad libitum feeding lasting one to four days 
intervened between delivery of the animals and the 
beginning of scheduled feeding. Habituation to a 
twenty-four hour schedule of feeding extended from Day 1 
to Day 5. Animals were removed daily from the living 
cages and placed for 1-1/2 hours in individual feeding 
cages. On the floor of each cage was spread 12 grams 
o£ regular Lab Chow. There was unlimited access to 
water. 
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2. Preliminary Training. Preliminary training began 
on Day 6. At its scheduled feeding time each animal 
was placed individually in a small plywood box on the 
floor of which was spread 5 grams of pellets. At the 
end of a 20 minute interval the animal was removed to 
a regular feeding cage for 30 minutes o£ supplementary 
feeding on 8 grams o£ regular Lab Chow. 
On Day 7, the second day of preliminary training, 
each animal was placed in a training box containing a 
food cup from which it ate twenty pellets. It was then 
removed to the experimental box where it consumed an 
additional eight pellets from the trough while the 
panel was fixed in the fully open position. This was 
followed by one hour supplementary feeding on 8 grams 
of Lab Chow in a £eeding cage. 
On Day 8, the third day of preliminary training, 
each animal was placed directly in the experimenta~ box 
at feeding time. A raised shutter disclosed the re-
tracted bar. Fi£teen pellets were fed one at a time 
into the food cup, each pellet being accompanied by the 
click of the solenoid and linkage. After consuming 
fi£teen pellets each animal was momentarily removed 
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from the box while E closed the shutter before the bar 
and raised the opposite shutter disclosing the open 
panel. The animal was replaced in the box and fed 
eight individual pellets from the trough. This was 
followed by a one hour period of supplementary feeding 
on 8 grams of Lab Chow spread on the floor of a feeding 
cage. 
3. Acquisition. The balance of the experimental design 
is presented schematically in Figure 7. All groups re-
ceived ten acquisition trials of bar-pressing and ten 
acquisition trials of panel-pushing on Day 9. Groups 
A, E and R acquired bar-pressing and panel-pushing in 
that order. Group C acquired panel-pushing first and 
then bar-pressing. Except for the reversed order pro-
cedure was identical for all four groups. 
At its scheduled feeding time on Day 9 each animal 
from Groups A, E and R was placed in the experimental 
box with shutters closed. The shutter concealing the 
extended bar was raised after a 1-1/2 minute adaptation 
period without regard to the animal's orientation in 
the box or to any similar factor of attention. Opening 
the shutter to expose the bar started the timer. If 
the animal failed to press the bar in two minutes the 
bar was operated by E from outside the box when the 
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animal was observed to be in a position close to that 
required to depress the bar. Since the animal per-
formed only the consummatory part of such an assisted 
response it was not counted as an acquisition trial. 
The procedure was repeated until a complete response 
was made within the two minute limit. The last as-
sisted response was followed by ten unaided trials. 
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Operation of the bar stopped the timer and caused 
a food pellet to drop into the cup. A 15 second inter-
val was allowed for the animal to locate and consume the 
pellet. The shutter was then closed for an additional 
15 second period before starting the next trial. The 
total response-to-stimulus intertrial interval was 30 
seconds. During the intervalE read and recorded the 
latency, reset the bar and the timer and loaded another 
pellet into the tube. 
Following the tenth bar-pressing response one 
minute interval elapsed before the first presentation 
of the panel stimulus. During this intervalE switched 
the timer from the bar to the panel. If the animal 
failed to open the panel in two minutes it was opened 
byE when the animal approximated the response position. 
Four of the 97 animals in groups A, E and R required 
this assistance. These animals eventually executed 
ten trials unaided and were retained for the balance 
of the experiment, but their data were not used to 
plot the group acquisition curves. 
The operations during the acquisi t1 on of panel· 
pushing were similar to those described for bar· 
pressing. The timer was started when the shutter was 
raised 2 inches and was stopped by the panel-pushing 
response. After a 15 second interval was allowed to 
consume the pellet the shutter was closed for an ad .. 
ditional 15 seconds. During the total 30 seconds 
intertrial interval E recorded the latency, reset the 
timer and the panel, and placed another pellet in the 
trough. 
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After completing Trial 10 of panel-pushing each 
animal was removed to the living cage for 15 minutes 
before being placed in a feeding cage for one hour of 
supplementary feeding on 10 grams of Lab Chow. The 15 
minute delay was introduced to prevent the supplementary 
feeding from acting as an additional reinforcement which 
would obfuscate extinction. 
The procedure for Group C was exactly the same as 
for Groups A, E and R except for the reversal in the 
order of tasks. 
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4. First Extinction. On Day 10, 22 hours after com-
pleting the two acquisition series, all groups underwent 
a 10 trial extinction series. Groups A, E and R were 
extinguished on bar-pressing while Group C was extin-
guished on panel-pushing. 
The extinction procedure differed from that of 
acquisition in only two respects, (1) reinforcement was 
witheld and (2) the time allowed for a response on each 
trial was limited to 30 seconds instead of two minutes. 
This discrete stimulus presentation during the extinc-
tion series, based on preliminary studies, limited 
inter-trial spontaneous recovery. If no response was 
made in 30 seconds the shutter was closed. If a re-
sponse was made the shutter remained open for an ad-
ditional 15 seconds before closing. In either case a 
15 second period intervened between closing the shutter 
and reopening it to initiate the next trial. This 
procedure was continued for ten trials. 
Group C followed an analogous procedure for the 
extinction of panel-pushing. 
Up to the conclusion of the first extinction the 
procedure was identical for all animals in the A, E and 
R groups. The animals were first assigned to Groups A, 
E or R after Trial 10 so that the median latencies of 
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the three groups for Trial 10 would be as nearly equal 
as possible. 
5. Interpolated Activity. Group A received ten ad-
ditional acquisition trials on panel-pushing directly 
following Trial 10 of the first extinction series on 
bar-pressing. A one minute interval elapsed between 
closing the shutter on Trial 10 and opening the op-
posite shutter for Trial 1 of interpolated panel-
pushing during which E switched the timer from the bar 
to the panel. The interpolated acquisition procedure 
was identical with the original acquisition series. 
Group E received ten extinction trials on panel-
pushing, Trial 1 beginning one minute after the shutter 
was closed over the bar to conclude Trial 10 of the 
first extinction series. The extinction procedure was 
identical to the procedure for the acquisition of panel-
pushing except that there was no reinforcement and the 
time allowed for a response on each trial was limited 
to 30 seconds. 
Group R received a 10 minute rest period in the 
lighted box beginning when the shutter was closed on 
Trial 10 of the first extinction series. The 10 minute 
interval approx~ated the time required by Groups A 
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and E to complete 10 interpolated acquisition or extinc-
tion trials. 
Group C received 10 extinction trials on the bar-
pressing response beginning one minute after the shut-
ter had closed over the panel on Trial 10 of the first 
extinction series. The procedure was identical with 
that already described for Groups A, E and R during the 
first extinction series. This concluded the experiment 
for Group c. 
Graham and Gagne (16) cite a study by Skinner which 
indicates that the drive of a hungry rat remains at a 
constant level during the consumption of 100 food pel-
lets totaling 5 grams in weight. It is therefor assumed 
that the additional reinforcement received by the ac-
quisition group during the interpolation period did not 
alter the drive state of this group relative to the 
other, non-reinforced, experimental groups. 
6. Second Extinction. Groups A, E and R all received 
a second series of ten extinction trials on bar-pressing 
directly following the interpolated activity. For 
Groups A and E Trial 1 of this series began one minute 
after the shutter had closed over the panel on Trial 10 
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or interpolated activity. For Group R it began at the 
end of the 10 minute rest interval. The procedure for 
this second extinction was identical with that of the 
first extinction. The second extinction series con-
cluded the experiment for Groups A, E and R. 
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CHAPTER IV - RESULTS 
A. Latency Analysis 
1. Transfer. The following analysis of the data on 
transfer during acquisition and first extinction, be-
tween the panel-pushing and bar~pressing activities, is 
ancillary to our major interest in the effect of the 
three different experimental treatments on spontaneous 
recovery. It is included because of its bearing on 
Liberman's (35) functional definition of similarity. 
Liberman would indicate as similar only those activities 
which show positive transfer from one to the other, at 
least when they are being extinguished. 
a. Transfer in Acquisition. Figure 8 shows the bar-
pressing acquisition curves for the combined data of 
the three groups, A, E and R, and for group c. Group 
C animals received 10 acquisition trials on panel-
pushing before acquiring bar-pressing. This group 
will therefor be referred to as the transfer (T) 
group. The combined group, without prior acquisition 
experience, will be called the naive (N) group. BGth 
curves are negatively accelerated positive growth 
functions of the number of trials. The points repre-
sent the median response latencies. The data are 
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summarized in Table 1. The transfer group shows a 
greater response strength, indicated by shorter laten-
cies, on the first three trials. On the ensuing tria~s 
neither group was consistently faster in responding 
than the other. The difference on the first three 
trials, the most favorable evidence for positive trans-
fer, can only be considered a trend (P > .09). This 
measure of significance is obtained by totaling the chi 
squares and degrees of freedom for the three trials. 
Figure 9 shows the panel-pushing acquisition curves 
for the combined groups A, E and R, and for group c. 
In this case the combined group had 10 prior acqui-
sition trials on bar-pressing and will be called the 
transfer (T) group. Group c, without prior acquisition 
of bar-pressing, is the naive (N) group. Both curves 
are negatively accelerated positive growth functions of 
the number of trials. The data are summarized in Table 
2. The median response latencies for the transfer group 
were consistently shorter (except for Trial 6) over the 
entire course of acquisition. This overall difference 
between the groups, tested by obtaining the total of 
the trial-by-trial chi squares, is significant (P < .02) 
and represents a positive transfer. The reversal at 
Trial 6 was smoothed out of the curve by combining the 
TABLE 1. ACQUISITION OF BAR-PRESSING (BP) 
~ lP 1 2 3 4 5 6 7 8 
T 16 .48-~ 8.26 7.14 11.01 7.53 9.42 7.02 7.92 
N 20.45 12.77 15.21 7.71 8.27 7.60 7.85 5.80 
-x~ 3.23 6.30 9.56 
df 4 4 4 
p 
TABLE 2. ACQUISITION OF PANEL-PUSHING (PP) 
~ lP 1 2 3 4 5 6 7 8 
T 14.67* 6.68 5.80 5.97 7.59 5.25 3.85 3.24 
N 24.44 9.76 8.16 10.82 10.65 4.73 9.01 4.61 
'--;>\'1.. 9.00 11.58 6.12 5.52 6.43 4.09 2.41 
df 4 5 5 5 6 4 3 
p 
- - - - - --- ---~-- .----
* Median response latencies i n seconds 
9 10 
4.65 5.43 
5.67 5.25 
9 10 
3.80 3.33 
5.31 4.70 
9.16 3.77 
4 3 
;[_ 
19.09 
12 
~ .09 
::E 
58.08 
39 
<_ .02 
i 
' 
I 
i 
(Jl 
co 
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score distribution on this trial with the distribution 
on Trial 5. A chi square value was then obtained ~or 
the combined distribution. 
b. · Trans~er ~ Extinction. Figure 10 shows the course 
o~ extinction o~ bar-pressing ~or both the combined 
groups A, E and R, and ~or group C during the ~irst ex-
tinction series. Group C had experienced 10 extinction 
trials on panel-pushing and will be re~erred to as the 
trans~er (T) group. The combined group, without prior 
extinction on panel-pushing, will be called the naive (N) 
group. The data are summarized in Table 3. The course 
o~ extinction of both naive and transfer groups shows a 
notable increase in response strength (shorter laten-
cies) between Trials 1 and 2. This is an effect noted 
in studies o~ warm-up (3, 32). In this case it appears 
to be more marked in the transfer than in the naive 
group, although the dif~erence is not signi~icant. 
While the median response latencies o~ the transfer 
group were shorter than the latencies o~ the naive 
group in 9 out of 10 trials, indicating negative trans-
~er, the statistical sign test is not considered valid 
with ~ewer than ~i~teen points o~ comparison (6). 
61 
0 
2 
4 
c..:> 
LJ...J 
U) 6 
>-
c..:> 8 = LJ...J 
1--
< 10 __, 
LJ...J 
U) 12 
= 
= c.... 
U) 14 LJ...J 
r- T / ~ 
""' 
/ ~ -I ~ 
~/I' --N ' ""' v " ' ~ -' f.---- ' 
' v ', ', \ 
' '-, 
--a:: 
= 16 < 1- -
= LJ...J 18 :IE 
20 TRANSFER GROUP (N = 29) _ r-
---NAIVE GROUP (N=93) 
I I I 22 
I 2 3 4 5 6 7 8 9 10 
TRIALS 
FIGURE 10 EXTINCTION OF BAR- PRESSING 
0 
2 
4 
6 
c..:> 
LJ...J 
~ 8 
>-
c..:> 
= 10 LJ...J 
1--
< 
__, 12 
LJ...J 
U) 14 = 
= c.... 
U) 16 LJ...J a:: 
= 18 < 
= ~ 20 
22 
24 
26 
-
--r__ -I 
v< ,"-..... I 1\ -~ 
,-' 
..... , X v ,\ ~ r- N '\. ---' ...... / 
' 
/ \ r----...... 
r- \ \ -\ 
\ \ r- \ -\ 
. I' \ '\. f- '\. -', ., ... 
- --..~ ........ 
1- TRANSFER GROUP ( N = 31) ~ --- NAIVE GROUP (N = 29) I J l 
2 3 4 5 6 7 8 9 10 
TRIALS 
FIGURE II EXTINCTION OF PANEL- PUSHING 
TABLE 3. EXTINCTION OF BAR-PRESSING (BP) 
~ lP 1 2 3 4 5 6 7 8 
T 12.59·!! 4.28 4.25 5.85 2.00 3.94 7.35 3.34 
N 9.10 6.30 5.81 6.16 5.36 8.98 8.51 10.72 
-x:~ 3.85 o.o 3.86 1.20 3.13 .72 9.12 
df 5 3 4 3 3 4 3 
p 
-
TABLE 4. EXTINCTION OF PANEL-PUSHING ( PP) 
f~ G l.R_ 1 2 3 4 5 6 7 8 
T 10.27* 4.71 5.91 9.00 13.58 6.97 14.24 15.48 
N 11.22 9.36 13.30 15.29 10.75 12.05 21.93 26.12 
;(z 1.60 12.48 6.16 4.04 .68 1.72 
df 4 3 4 5 3 3 
p I 
-
* Median response latencies in seconds 
9 
7.13 
13.92 
1.99 
3 
9 
26.79 
26.74 
3.04 
5 
10 
13.00 
14.62 
3.14 
3 
-
10 
30.00 
25.07 
L_ 
26.81 
31 
> .63 
L. 
29.72 
27 
> .33 
I 
I 
! 
()) 
ro 
63 
Despite this consistency, the cumulative chi square, 
due to the increased variability of extinction scores, 
indicates the overall difference between the groups to 
be insignificant (P) .65). 
Figure 11 shows the course of extinction of panel-
pushing in Group E and Group c. Group E had ten trials 
of extinction on panel-pushing as interpolated activity 
following the first extinction series on bar-pressing 
and is designated the transfer (T) group. Group C, 
without prior extinction on bar-pressing, is the naive 
{N) group. The data are summarized in Table 4. Both 
groups show a decrease in latency between Trials 1 and 
2, suggestive of a warm-up effect, which appears to be 
more marked in the transfer than in the naive group al-
though the difference in the slopes is not significant 
(P > .70). Again, although the latencies of the trans-
fer group are shorter than the naive group latencies 
on 7 out of 10 trials, suggesting negative transfer, 
the cumulative chi square, after combining score dis-
tributions on Trials 5 and 6, and on 8, 9 and 10, in-
dicates the overall difference to be insignificant 
(P > .33}. 
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2. Spontaneous Recovery. The following analysis will 
be limited to the three experimental groups, A, E and R. 
Group C will no longer be considered. 
a. First Extinction. Figure 12 plots the course of 
extinction of bar-pressing during the first series of 
ten acquisition trials for each of the three experimental 
groups, A, E and R, separately. The data are summarized 
in Table 5. All three groups show the same general 
characteristics they did when combined, although the 
variability is markedly increased. All three curves 
indicate a decrease in response latency between Trials 
1 and 2, suggestive of warm-up, and are thereafter 
negative growth functions, positively accelerated of the 
number of trials. 
b. Pre-recovery Response Level. In order that the post-
treatment comparison of the experimental groups provide 
an uncomplicated picture of the relative effects of 
the treatments, the groups should be shown to be as 
uniform as possible before treatment with regard to a 
given response measure. In this case it is important 
that on the last trial, or on the last two trials, of 
the first extinction the three groups show an insignifi-
cant difference in response latency. 
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TABLE 5. FIRST EXTINC'l'ION (BP) 
~ lP 1 2 · 3 4 5 6 7 8 9 
A 11.54-tl 8.20 5.10 5.94 4.79 12.20 8.90 12.44 11.55 
E 7.44 7.02 10.06 5.75 11.41 8.59 13.81 11.80 16.41 
R 9.10 4.54 5.87 7.50 3.21 8.78 5.30 6.39 12.92 
P (Trial 10) : .98** P (Trials 9-10 : .53) 
- --- - - · - - - -
-------- -----~-. 
TABLE 6. SECOND EXTINCTION (BP) 
~ lP 1 2 3 4 5 6 7 8 9 
A 6.46* 10.45 4.30 26.61 20.94 25.64 
E 14.77 17.39 15.64 8.10 20.73 27.63 21.32 
E 22.40 14.20 21.25 16.37 17.54 28.32 23.46 20.89 
-- - -- - - - - - --- -~- - ~---·-
* Median response latencies in seconds 
** Chi square distribution 
10 
14.03 
15.82 
14.62 
10 
27.74 
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A chi square test of the small, overall difference be-
tween the three distributions on Trial 10 indicated it 
could occur 98 times in 100 due to chance alone. The 
same test of the overall difference between the com-
bined distributions of Trials 9 and 10 indicate it could 
occur 53 times in 100 due to chance alone. Both of 
these findings justify the assumption of no significant 
difference between groups before interpolating the 
experimental treatments. 
c. Recovered Response Levels. Figure 12 also shows 
the median response latencies of the three groups on 
the first trial of the second extinction series. The 
break between curves of the first and second extinction 
series represents the interpolation period (or re-
covery interval).8 The data for ten trials of second 
extinction are summarized in Table 6. Although a ten 
trial extinction series was completed, the test for 
spontaneous recovery where the response latency measure 
is used was limited to the first trial. Unlike 
8The course of the interpolated acquisition and extinc-
tion of panel-pushing is presented graphically in 
Figure 19 and summarized in Table 17 which appear in 
Appendix A. 
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resistance to extinction~ the one trial is sufficient 
to make the measurement~ and subsequent trials will be 
affected by the performance of the first. Lawrence and 
Miller (34), for example~ used the latency of the first 
relearning trial as the measure of spontaneous recovery. 
The Trial 1 median response latency of Group R, 
the rest group, is the longest of the three groups~ 
indicating lowest response tendency. Group E~ the 
extinction group, was somewhat faster but not so 
quick to respond as Group A, the acquisition group. 
Relative to Trial 10 of the first extinction series, 
the extinction group shows zero change, the acqui-
sition group shows positive recovery, and the rest 
group shows a considerable decrement. 
Between Trials 1 and 2 of second extinction Groups 
A and E show a decrement in performance while Group R 
shows a marked increment~ the latter suggestive of a 
warm-up eff'ect. 
d. Estimated~ Latencies. Thus far in the analysis~ 
the median response latency has been taken as the index 
of central tendency. This was predicated by the number 
of individual extinction trials that failed to elicit 
a response within the 30 second response limit. While 
the number of these curtailed responses was known for 
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each trial, there could be no value assigned (Graham 
and Gagne (16) assigned the cut-orr value) and therefor 
no mean or standard deTiation could be obtained. 
Halperin (20), however, has recently devised an iter-
atiTe method for estimating these statistics from such 
truncated distributions. The known latency scores 
were converted to their logarithms to approximate the 
required normal distribution. Such a translation has 
been justified by Graham and Gagne (16) and by Mueller 
( 45) • The estimated means and standard deTia tions for 
the three groups on Trial 1 of second extinction are 
presented in Table 7. The level of significance of the 
several differences was determined by finding the 
critical ratios. The difference on Trial 1 between the 
acquisition and extinction groups (P < .002), the ex-
tinction and rest groups (P ~ .03) and the acquisition 
and rest groups (P < .00006) are all significant. The 
subsequent course of extinction of the three groups 
although somewhat obscured by increased variability 
appear to b~ typical negative growth functions of the 
number of trials. 
B. Percentage Response Analysis 
1. The Response Limit. A second analysis of the 
TABLE 7. TRIAL 1 -SECOND EXTINCTION (BP) 
-· . 
.. 
Groups 
Mdiff. Group M <JJJ, SD Compared 
A .80529* .06694 .37272 A • E -.34447* 
E 1.14976 .08212 .45721 E- R -.31490 
R 1.46466 .11190 .62306 A- R -.65937 
-- ~ --~ -- -~--- - ---
* Estimated mean log response latencies 
CR 
3.25217 
2.26803 
5.05264 
- - --- -
p 
< .002 
< .03 
< .00006 
...:z 
0 
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results in terms of the percentage of animals to make 
a response within a 30 second limit on each trial is 
summarized in Tables 8-11 and presented graphically in 
Figures 13-17. The data for pairs of successive trials 
were combined to smooth the curves. The levels of 
significance for several intergroup differences are 
included in the tables. The two analyses are not 
entirely independent. The number of responses to 
exceed the 30 second criterion partly determines the 
median value for each distribution. The 30 second 
limit for the experimental extinction trials was 
chosen after preliminary experimentation as the op-
timum point at which to eliminate those responses 
which would fall on the long attenuated right-hand tail 
of the heavily skewed distribution of response latency 
scores. A similar decision was made by Rohrer (54) 
who limited presentation of the bar-pressing stimulus 
to 10 seconds. "A longer latency than 10 seconds pre-
sented the difficulty t hat spontaneous recovery (with-
in trials) would begin to complicate the results." 
The arbitrary cut-off point is a compromise among 
several factors: (1) the value of knowing the true 
configuration of the distribution were every response 
to occur, (2) the probability that this same 
TABLE 8. ACQUISITION OF BAR-PRESSING (BP) AND PANEL-PUSHING (PP) 
-
~ lJ)_ 1-2 3-4 5-6 7-8 
·. Ba.r-_Qressing 
T 77* 85 88 92 
N 66 80 87 90 
Panel-pushing 
T 67 88 83 90 
N 84 91 93 95 
'--- ~--- · - -
* Percentage of responses completed 
9-10 
96 
94 
95 
98 
-
' 
-.:l 
ro 
TABLE 9. EXTINCTION OF BAR-PRESSING (BP) AND PANEL-PUSHING (PP) 
~I G 1-2 3-4 5-6 7-8 
Bar-pressing 
T 79* 84 86 79 
N 87 87 79 75 
Pane_!_-p_ushing 
T [_92 J 76 73 68 
N 84 71 72 60 
-~ -~- --- ---
* Percentage of responses completed 
9-10 
69 
70 
47 
57 
! 
I 
I 
...J 
~ 
I 
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TABLE 10 • FIRST EXT IN C'l'ION ( BP) 
~· lP 1-2 3-4 5-6 7-8 9-10 
A 94* 88 85 71 73 
E 82 85 74 74 66 
R 84 89 77 81 73 
TABLE 11. SECOND EXTINCTION (BP) 
~ lP 1-2 3-4 5-6 7-8 9-10 
A 89{fo 69 56 39 39 
E 77 71 56 50 45 
R 56 63 55 53 60 
TABLE 12. TRIAL 10 - FIRST EXTINCTION (BP) 
Groups 
Diff. I )('L Group Trial 10 Compared df p 
A 74* A - E 6* l E 68 E 
- R 3 2 ) .89 . r24 
R 71 A 
- R 3 
* Percentage of responses completed 
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dis t ribution would be distorted by the erfects of intra-
trial spontaneous recovery, (3) that non-unifonn ante-
cedent conditions among the subjects would result from 
uncontrolled response latencies, and (4) that all sub-
jects would not execute an equal number of responses, 
and so would not have a uniform amount of extinction 
experience, when discrete stimulus presentations were 
used. Rewarded trials in the present experiment were 
not curtailed. For the purpose of this analysis, how-
ever, the percentage of responses to occur within the 30 
second latency criterion was determined for the paired 
acquisition trials. 
A comparison of the curves in Figures 13-17 with 
the corresponding curves in Figures 8-12 plotted from 
the median response latencies shows a general simi-
larity in conformation. Both acquisition and extinc-
tion, however, seem to proceed more rapidly and more 
uniformly when measured in terms of completed responses. 
2. Transfer in Acquisition and Extinction. As in the 
latency analysis, the transfer groups show greater re-
sponse tendency during the acquisition of both bar-
pressing and panel-pushing than do the naive groups. 
This difference, greatest on the initial trials, sug-
gests positive transfer. During the extinction or 
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panel-pushing the larger percentage of responses com-
pleted by the transfer group can be attributed to 
negative transfer. Paralleling the latency data, how-
ever, the transfer group also shows a larger increment 
between Trials 1 and 2 than the naive group. This 
difference, not evident in the curves, might be evi-
dence for a positive transfer of extinction effect 
from bar-pressing to Trial 1 of panel-pushing which 
disappears on Trial 2 due to disinhibition or warming-
up. The difference, however, is. not significant. The 
extinction of bar-pressing shows no clear-cut evidence 
of any transfer effects. 
3. Spontaneous Recovery 
a. Pre-recovery Response Level. A chi square test of 
the small differences between the three experimental 
groups, A, E and R, on Trial 10 of first extinction 
shows the differences, summarized in Table 12, to be 
insignificant (P) .89). 
b. Rank Order of Recovered Groups. Figure 17 shO\Ivs 
the progress of the second extinction. The differences 
between the three experimental groups on Trial 1 alone 
(summarized in Table 13 but not indicated in the curves), 
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TABLE 13. TRIAL 1 - SECOND EXTINCTION (BP) 
Group Trial 1 Com_pared Diff' ~'- df p 
A 97* A 
- E 16* 4.02 1 <.05 
E 81 E 
- R 23 3.90 1 <.05 
R 58 A - R 39 11.69 1 <.001 
TABLE 14. TRIAL 10 - SECOND EXTINCTION (BP) 
Groups 
----x,<-Group Trial 10 Compared Dif'f'. df' p 
A 39i~ A 
- E 3~~ .065 1 ).80 
E 42 E 
- R 16 1.613 1 >.30 
R 58 A 
- R 19 2.325 1 )>.10 
* Percentage of' responses completed 
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prove significant when subject to the chi square test 
(P < .05). The differences between groups when Trials 1 
and 2 are combined, as in Figure 17, are not signifi-
cant. The rank order of the three groups with respect 
to tendency to respond on Trial 1 of the second extinc-
tion is the s~~e as determined according to the latency 
criterion. The acquisition group shows the largest 
number of responses completed within the 30 second 
limit. The rest group shows the fewest completed re-
sponses. The extinction group is intermediate. 
4. Second Extinction ~· A characteristic of second 
extinction, shown in Figure 17 and summarized in Table 
11, is the correlation between response tendency on 
Trial 1 and the ensuing rate of extinction. The acqui-
sition group, with the highest response tendency on 
Trial 1, shows the most rapid rate of extinction. The 
rest group, with the lowest response tendency on Trial 
1, has the slowest extinction rate. This relationship 
actually leads to an inversion in the rank order of the 
three groups on Trial 10. 
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CHAPTER V - DISCUSSION 
A. Spontaneous Recovery 
1. Comparison £! the ~· The only similar experi-
ments with which we can compare these results are found 
in Liberman's (35} study of the recovery of the GSR. 
The design of Liberman's experiments is represented 
schematically in Figure 18 and the results are sum-
marized in Table 15. 
a. Relative Recovery. The GSR in the Liberman stud,. 
recovered most during the interpolated acquisition of 
the CER and least during its extinction~ while recovery 
during rest was intermediate. Three comparisons are 
possible between the three experimental treatments: 
acquisition vs. extinction (A-E), acquisition vs. rest 
(A-R), and extinction vs. rest (E-R). These compari-
sons and the significance of the differences are sum-
marized for the Libe:F.nan data in Table 15 and for the 
present experiment in Table 7.9 
9Amplitude is a direct function of response strength 
whereas latency is inversely related. Therefore~ in 
Table 7 a negatiYe intergroup difference (i.e., A-E : 
-.34447} represents the same rank order relationship 
between grou~s as a positive inter-group difference 
in Table 15 (i.e., A-E = + 3.02) • 
~ --------------------
EXPERIMENT I 
GROUP ACQ. ACQ. {TONE- GSR) (BUZZER-
GSR) 
12 TRIALS 10 TRIALS 
,.,. 
A ,.,.. / 
/ 
E ., 
""' / / 
R / 
/ 
EXPERIMENT TI 
GROUP ACQ. ACQ. (TONE- GSR) (LIGHT-CER) 
12 TRIALS 10 TRIALS 
A 
., 
,.,.. 
/ 
/ 
E 
.,., 
., 
/ 
/ 
R 
1st EXT'INC. 
(TONE-GSR) 
6 TRIALS 
1st EXTINC. 
(TONE-GSR) 
6 TRIALS 
INTERPOLATED 
ACTIVITY 
(BUZZER-
GSR) 
ACQ. 
5 MIN. ,.,. .., 
REST 10 
TRIALS 
EXTINC. 
5 MIN. 
...... 
REST 10' 
TRIALS 
10 MIN. 
REST 
INTERPOLATED 
ACTIVITY 
(LIGHT-CER) 
ACQ. 
5 MIN. _, / REST 10 
TRIALS 
10 MIN. 
REST 
FIGURE 18 DESIGN OF LIBERMAN'S EXPERIMENTS 
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2nd EXTINC. 
(TONE-GSR) 
6 TRIALS 
2nd EXTINC. 
(TONE-GSR) 
6 TRIALS 
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TABLE 15. LIBERMAN'S RESULTS ( GSR) 
TRIALS 1-2 - SECOND EXPERIMENT 
Groups 
Group_ Trial 1-2 Compared Diff. p 
EXPERIMENT I 1Inte_~o1ated GSRl 
A 5.02-l!- A 
- E 3 .02it· <.Ol 
E 2.00 E 
- R -.67 > ·15 
R 2.67 A 
- R 2.35 <.04 
EXPERIMENT II (In te rpo ... a ted CER) 
A 4 .07-lf- A 
- E 1.45·:fo ).15 
E 2.62 E 
- R -.08 ).30 
R 2.70 A 
- R 1.37 > .15 
-:~o Mean response amplitudes in mi1livol ts 
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Table 16 shows the results of the two investigations 
to be in disagreement on one of the three comparisons. 
In Liberman's experiments the rest group showed more 
recovery than the extinction group while in this ex-
perlinent it showed less. A closer examination of the 
Liberman data in Table 15, however, shows the dif-
ference in recovery between the rest and extinction 
groups to be much smaller than the difference between 
the rest acquisition groups (ratio = 1 : 5.5) and not 
significant (P > .15). Therefor the contradiction 
between the experiments with regard to this result 
seems less critical than a contradiction on other 
points of comparison, i.e., the larger difference be-
tween the rest and acquisition groups which in Liber-
man's first experiment reaches significance (P < .03). 
In the present experiment all three differences between 
treatments are significant ( P <. .03). 
It is also conceivable that the disparity between 
the experiments is an artifact of Liberman's method of 
data reduction. Liberman combined the data for Trials 
1 and 2 of second extinction and found an average value 
of response amplitude. After introducing the concept 
of warm-up we will show that such a treatment of the 
data might have obscured a trend, apparent were Trial 1 
TABLE 16. COMPARISON OF LIBERMAN AND PRESENT 
EXPERIMENTS 
(Experimental groups re lated on 
basis or spontaneous recovery) 
Group_s Compared I p 
LIBERMAN I (Interpolated GSRJ 
A)E < .01-'~ 
E ( R > .15 
A)R < .04·~ 
LIBERMAN II (In ter_pola ted CERl 
A)E > .15 
E (R )-.30 
A )R ) .15 
PRESENT EXPERI~ffiN T 1Interpolated PP) 
A)E < .002* 
E > R < .03* 
A)R < .00006* 
* Significant difference 
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I 
to be considered alone, that would be more consistent 
with the findings of the present experiment. 
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b. Absolute Recovery. Liberman did not report perfor-
mance level on the last trials of first extinction. He 
compared instead the average response amplitude of Trials 
1 and 2 of the first extinction with the average ampli-
tude of Trials 1 and 2 of the second extinction. His 
text suggests that the first extinction was not com-
plete but there is no way to determine whether the 
partially extinguished response tendencies in the three 
groups were equated before they began the experimental 
treatments. One is also unable to measure absolute 
recovery for each group by comparing the pre- and post-
recovery response levels. A measure of absolute re-
covery of the rest group in present experiment can be 
compared, however, with corresponding data in the 
Ellson (7) and Graham and Gagne (16) experiments. 
Using as a measure the number of trials to extinction 
Ellson found a positive increment in the strength of a 
bar-pressing response following a rest interval ranging 
between one and 180 minutes from the first full extinc-
tion. Graham and Gagne found a positive increment in 
the straight running response after it had been fully 
extinguished and then allowed to recover during an 
interval ranging from one to ten minutes. In the 
present experiment, where the bar-pressing response 
was only partially extinguished, response strength 
showed a decrement following ten minutes of inter-
polated rest. This discrepancy suggests that level 
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of' extinction before recovery is an important variable. 
It is not to be expected, however, that a response 
based on an aversive stimulus should correspond to one 
based on an appetitive stimulus. Ellson (8) studied 
the recovery of the GSR to determine its correspondence 
with his earlier findings on the recovery of the bar-
pressing response in white rats. He found that while 
the response amplitude tended to increase with time the 
increments were not significantly large. Number of 
trials to second extinction, the measure considered 
most comparable to that used in the animal study, dis-
closed no change in response strength as a function of 
recovery time.lO 
lOrn a subsequent study by Humphreys, Miller and Ellson 
(30) verbal expectations, having a minimal reactive 
ef'fect, showed spontaneous recovery but no progressive 
recovery within the time range studied. This finding 
corroborates the Ellson data on the number of GSR trials 
to reach second extinction. 
Ellson states, 
The discrepancy between results obtained with 
the two measures used in this experiment sug-
gests that the conditioning of the galvanic 
skin response is not a simple phenomenon in 
which a single factor which might be called 
'response strength' increases or decreases 
with reinforcement, nonreinforcement, lapse 
of time, etc. At least two variables are in-
volved, perhaps more. 
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Ellson proposed negative inhibition and shock-expectancy 
as the critical factors in GSR recovery. 
2. Theoretical Implications of the Data. The dis-
parities already noted between the results of the 
present study and the findings of Liberman (35) are the 
same disparities to be found between the results of the 
present study and the predictions derived from the Hull 
and Liberman systems in Chapter II. This parallelism 
comes about because Liberman's findings are consistent 
with his theory as well as being consistent with the 
similar predictions from the Hullian system. 
The rest group in the present study demonstrated a 
post-recovery performance level that is significantly 
lower than that of the extinction group. Hull and 
Liberman would both predict that this relationship 
should be reversed, that the rest group should show a 
post-recovery level of performance that is relatively 
greater than that of the extinction group. 
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An absolute measure of the recovery of the rest 
group in the present study shows a decrement in perfor-
mance much like that characterized as forgetting of 
loss-of-set-to-perform. Hull, assuming the dissipation 
of IR during the rest interval, would predict a positive 
increment in performance. Liberman, assuming no retro-
actively interfering behavior during the rest interval, 
would predict that the performance level of the rest 
group would remain constant during the recovery interval. 
The results of Liberman's o\m experiment with the auto-
nomic GSR cannot be used to evaluate this prediction 
since, as noted above, the performance level immediately 
prior to rest was not determined. 
a. A Proposed Account of Recovery. It is possible to 
account for the present data in a system organized 
around two other concepts not usually integrated: (l) 
warm-up and (2) reinforcement. The effect of warm-up 
was reported by Thorndike (58) in 1914 and by Heron 
(22). Ammons' {1) recent propositional analysis of the 
concept is intended to account for human motor learning. 
Warm-up, he suggest~ erases the decrement due to loss of 
set (Dwu). The balance of the decrement, due to work 
inhibition, is unaffected. Irion {31) following Ammons 
has used warm-up to account for retention phenomena in 
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verbal learning. Both of these theories, involving 
warm-up and set, have been directed at human learning 
where drive, reinforcement and non-reinforcement are 
factors difficult to control, to control-for or to 
measure. For this reason they are usually disregarded. 
In this experiment, however, the parameters included 
a well-defined reinforcing stimulus, the application of 
which resulted in a significant difference. Our ac-
count will consider this reinforcing stimulus. Further, 
based on Hull's rationalization of the Pavlovian con-
ditioned reflex as a special case of the Thorndikian 
instrumental response, the same system will comprehend 
Liberman's GSR findings. 
b. The Concept of Set. Irion's (31) hypothesis is 
designed to account for loss in retention, or forget-
ting, during the rest interval in the usual OL-Rest-RL 
paradigm. During original learning the subject ac-
quires postural adjustments which facilitate perfor-
mance. In the retention interval the subject Changes 
this performance set to one which is less adequate. 
The loss of set-to-perform is conceivably due to 
intervening activity which demands the assumption of 
other incompatible sets. It is apparent that rest is 
only a matter of convention where E, having withdrawn 
the critical stimuli, does not systematically observe 
the subjects behavior during the retention period. 
Thune (60), Hamilton (21} and Irion and ijf.ha~ (33) 
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have demonstrated t hat a period of warming-up activiv,r 
interpolated before the reapplication of the original 
stimulus will facilitate the associated response. 
Irion specified that the activity should be suffi-
ciently sirnilar to the original behavior for it to be 
effective without at the s~~e time affording practice 
in the specific S-R relationships. Recovery will be 
a function of the similarity between the interpolated 
set-inducing task and the originally-learned task. 
Osgood (47) points out the conflict between this re-
lationship and the well-established facts of the usual 
retroactive inhibition experiment where increased simi-
larity results in poorer relearning scores. He re-
solves the contradiction by discriminating between the 
general context of the task and the possibly conflic-
ting details of the tasks themselves. Gibson (14) 
has specified the conditions for interference as an 
increased similarity in the stimuli which evoke dif-
ferent responses. Facilitation occurs when markedly 
different stimuli evoke similar responses. Parallel 
to Liberman's functional classification of similar 
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tasks as those S-R units which demonstrate positive 
transfer from one to the other it is sufficient for 
the level of our account to define a warm-up activity 
as one which transfers positively to the primary task. 
Osgood summarized the conditions for a set to per-
form as follows: 
No matter what the task, certain postural, re-
ceptor and attitudinal adjustments favor per-
formance. The subject must look in the right 
place at the right time. This is one thing he 
"forgets" to do during the rest interval. The 
subject must impress a certain optimal pace on 
nis activities. This rnythn is broken during 
rest. He must also pay attention to cues. All 
these activities serve to create a particular 
background of self stimulation, and this is a 
major part of the total stimulation to which 
the task responses are conditioned. During a 
rest period, and particularly if dissimilar 
activities are engaged in, this set is lost, 
the total stimulus configuration is modified, 
and the probability of the correct response 
being elicited on the first relearning (or 
recovery) trial is reduced. 
The continuity of this scheme with Guthrie's character!-
zation of forgetting as associative inhibition is clear. 
c. Generalization of the Reinforcing Stimulus. The 
second principle in our system deals with the facili-
tating effect on an S-R unit of a reinforcin g stimulus 
that occurs in conjunction only with some other sbnilar 
S-R unit. Thorndike {59) referred to this generali-
zation as the spread of effect. 
This is another instance of transfer differing 
from the transfer of the warm-up effect in that the 
stimulus situation now contains a specificable rein-
forcing stimulus. The reinforcing stimulus is an in-
dependent variable the size, ratio and delay of which 
will effect the strength of the warming-up activity 
and so enhance the transfer of warm-up effect. 
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To summarize our scheme then we can say that re-
covery of an extinguished response is a function of 
the degree of transfer from some interpolated warming-
up activity. The degree of transfer in turn is a 
function of (1) the similarity of the wa~~ing-up 
activity to the extinguished task and (2) the strength 
of the warming-up activity as it varies with such con-
ditions of the reinforcing stimulus as amount, ratio, 
and delay. 
Although we have indicated a functional definition 
of a warming-up activity is adequate we do have avail-
able a more molecular account of transfer. Vihile 
Guthrie's theory does not include a principle of 
generalization, Osgood (47) suggests an explanation 
in terms of identical elements which is compatible 
with Guthrie's theory of learning based on discrete 
S-R connections. Some of the stimulus elements co~non 
to the interpolated and extinction situations in this 
experiment include the interior of the box and its 
general level of illumination, the higher tempera-
tures of the confined space and its odors, etc. The 
common response elements have already been identified 
as the set-maintaining postures, etc. 
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d. Accounting for the Present Data. In the present 
experiment the periodic non-rewarded responses by the 
extinction group during the recovery period consti-
tuted a wa~ming-up activity which facilitated the 
group performance on the recovery trial. The animal 
usually remained oriented toward the aluminum shutter 
or turned abruptly when it was raised, indicating 
"attention". The periodic operation of the shutter 
maintained the rnythm of responding. Running under 
the raised shutter to the panel involved the same 
proprioceptive-kinesthetic cues later used in the re-
covery trials. The acquisition group executed all of 
these facilitating activities which were in addition 
strengthened by the presence of the reinforcing stimu-
lus leading to their more effective transfer. The SR 
also acted to prevent variability in these behaviors 
and to further reduce any already present. This is 
probably not an independent factor since reduction in 
variability is usually recognized as a measure of 
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increased response strength. 
From this analysis it can be expected that the 
rest group, with the greater opportunity for loss of 
performance set, will show minimwn recovery on Trial 1 
of second extinction and can in fact be expected to 
show a decrement. This group will also show the 
largest increment between Trials 1 and 2 indicating 
maximum effect on warming-up on Trial 1. The extinc-
tion group due to the warming-up effect of periodic 
responding will show more recovery on Trial 1 tnan 
the rest group. The acquisition group with the added 
transfer effect due to reinforcement will in turn show 
a higher recovery level than the extinction group. 
Correspondingly it will show the smallest warming-up 
increment between Trials 1 and 2. These characteris-
tics are all to be found in Figures 12 and 17 and 
Tables 6 and 13. 
e. Accounting for Liberman's Data. It has already 
been suggested that, by combining the data for Trials 1 
and 2 of second extinction, Liberman (35) may have 
obscured a trend in his data contrary to that implied 
by his analysis. Averagin g the mean amplitudes on the 
two trials conceals any effect of warm-up on Trial 1. 
Generalizing from the trial by trial data of the 
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present experiment one might infer that in the case of 
the rest group the average amplitude of Trials 1 and 2 
would be higher than the Trial 1 value while in the ex-
tinction group the average value would be lower than 
the Trial 1 value. This would further decrease the 
small difference between the rest and extinction groups 
and possibly change its sign. As we shall point out 
below, however~ it seems unlikely that set-to-perform 
and warm-up are prominent factors in the recovery of 
the GSR. This consideration weakens a generalization 
from the present data to those of Libennan. The 
Liberman findings, although not statistically sig-
nificant, will be treated, therefor, as suggestive 
trends. 
A theory based on set-to-perform, such as the one 
suggested here, can invoke t~o properties of set and 
retention to account for the Liberman data. One of 
these factors is an empirical generalization suggested 
by some data summarized by Brogden (4). Brogden re-
capitulates several studies which show that a response 
based on an aversive stimulus, such as shock, is 
singularly resistant to forgetting. Hilgard and Marquis 
(25) for example report the retention of the CER in dogs 
after six months while Gagne (13) found considerable 
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forgetting of a reward-conditioned running response 
in a comparable period. This means that in a given 
time interval the bar-pressing response will be more 
completely forgotten than the GSR. The response level 
of the rest group in the present bar response experi-
ment, therefor, has fallen below that of the extinction 
group while in the Liberman study of the GSR the dif-
ference between the rest and extinction groups with 
respect to this measure is small and not statistically 
significant. 
The second factor is a rational one. It has been 
suggested earlier that set-to-perform is a more critical 
element in the retention of a motor response than in the 
retention of an autonomic response. The loss of set-to-
perform during rest should be more marked in the case of 
the bar-pressing response than in the case of the GSR. 
In the present study this loss of set would contribute 
to the significantly lower bar-response level of the 
rest group relative to the extinction group. The 
effect of loss of set would be less prominent in the 
Liberman studies of the GSR so that differences Liberman 
found between the rest and extinction groups are smaller 
and statistically not significant. 
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B. Extinction 
1. Warm-up Effect in First Extinction. An important 
premise of our account is that unrewarded extinction 
trials will have a warming-up effect on the subsequent 
performance of a similar task. This warming-up effect 
would be evident in two ways. The initial performance 
level of the task following extinction of the similar 
activity would be greater than when it followed rest. 
Secondly, the rest group, without prior warm-up, would 
benefit relatively more from warm-up on Trial 1 than 
the extinction group and show a larger increment be-
tween Trials 1 and 2. The data from second extinction 
in the present experiment, since they suggested these 
hypotheses are consistent with them. An analogous 
situation in the first extinction should, however, 
provide an independent check on the hypotheses. The 
sequence of operations parallels the design of the 
conventional retention study except that extinction 
trials are substituted for relearning. 
a. Trials 1 and 2. First extinction was initiated 22 
hours after acquisition. The bar-pressing curves in 
Figure 10 show the transfer group, with prior non-
rewarded trials on panel-pushing, to have a lower 
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initial performance level than the naive group. The 
panel-pushing curves in Figure 11 show the transfer 
group to have a higher initial performance level than 
the naive group. In both cases the intergroup dif-
ferences fail the chi square test for significance. 
These srune curves show the transfer groups to have 
a larger increment between Trials 1 and 2 than the 
naive groups in both the bar-pressin g and panel-pushing 
situations. This trend contrary to our hypothesis is, 
however, not significant. 
b. Resistance to Extinction. The implications of the 
warm-up hypothesis are limited to levels of performance 
on the initial trials of the extinction (or relearning} 
series. Data from Trials 1 and 2 in the present experi-
ment, lacking sign ificance, neither refute nor confirm 
the hypothesis. The trial by trial analysis, however, 
does point up a methodological problem. Transfer 
effects, and warm-up is one aspect of transfer, often 
are measured by the savings method or by the number of 
trials to extinction. These measures consider the 
strength of a response in a cumulative manner as it 
exists over a series of trials. A conclusion arrived 
at in this manner can easily be at odds with the more 
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molecular trial by trial analysis. In the present ex-
periment, for example, the uniformly higher performance 
levels of the transfer groups were taken as evidence of 
positive transfer in the case of acquisition and nega-
tive transfer in the case of first extinction. In first 
extinction, however, this interpretation conflicts with 
the conclusion reached in trial by trial analysis that, 
since the transfer group appeared to profit most by 
Trial 1 warm-up, there was positive transfer from prior 
extinction to Trial 1. 
2. Rate of Second Extinction. The percentage of re-
sponse data show a rate of extinction on the second ex-
tinction series that is a direct function of response 
strength on Trials 1-2. 
a. Reactive Inhibition Account. This relationship 
can be accounted f'or in terms of the accrual of' work 
inhibition. The interpolated acquisition group, with 
a higher frequency of responses on the early second 
series trials, accrued reactive inhibition more rapidly 
than the two groups that made f'ewer initial responses. 
b. Negative Learning Account. The relationship can 
also be accounted for in terms of negative learning. 
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The subjects that responded on Trials 1-2 and experi-
enced nonreward would be more likely to be confirmed in 
the competing and more adaptive response of no-response 
on Trials 3-4. A group, such as the acquisition group, 
with a large number of these subjects would show a rapid 
decline from trial to trial in percentage of response. 
Individuals, for example in the rest group, which had 
already learned by Trial 1-2 not-to-respond might ex-
perience sufficient inter-trial recovery, and so respond 
on Trials 3-4, to counter-balance those animals that 
responded on Trials 1-2 and failed to respond on Trials 
3-4. The Group R curve would show a zero slope, as it 
in fact does. 
c. warm-up Account. Irion and ~~am (33), Thune (60), 
and Hamilton (21) found that the effects of warm-up 
are more prominent during first few relearning trials. 
They plotted the rate of relearning over the course 
of ten relearning trials (data grouped in three points) 
and found groups with high initial warm-up effect fell 
off rapidly while groups showing less warm-up effect 
showed neither increment nor decrement. 
3. variability and Counter-conditioning. The increase 
in variability of the response as a function of the 
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number of extinction trials is apparent in the curves. 
An analysis of response variability by Melton (40) 
points out that in acquisition or extinction the very 
occurrence of the response on one trial changes the 
antecedent stimulus situation so that a different re-
sponse is evoked on the next trial. This analysis is 
particularly applicable to the case of experimental 
extinction with discrete stimulus presentations where 
the stimulus situation may be more radically altered 
by the non-occurrence of the response and ties in close-
ly with explanations of the extinction phenomenon as the 
concurrent learning of new S-R relationships and 
suggests an answer to the question reiterated by 
Spence (56) as to how the competing response first 
occurs. 
Melton points out what some of the new responses 
can be. When any of the new responses, including non-
response, is followed by some form of reward the course 
of acquisition of the new association becomes quite 
regular. It is particularly evident when the alter-
native stimulus is determinate for E. Estes has pro-
vided such a structured situation in a modified Skinner 
box with two bars. 
Estes (10) demonstrated that, as acquisition of 
one bar-pressing response proceeds concommitantly with 
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the extinction of the second bar-pressing response, 
their respective rates are highly interdependent. The 
measurement of one event enables the precise prediction 
of the course of the other. This relationship is the 
basis for Estes' statistical theory of learning (11). 
It is a peripheral quantitative counterpart of the 
Guthrie and Brogden theoretical position on counter-
conditioning and inverse learning. Estes' approach 
can be summarized by the statement that he considered 
the mutually exclusive S-R combinations in any given 
situation to be fixed in number. In a modified Skinner 
box with two bars the possible S-R combinations are so 
limited that the rate of reacting to one bar is a 
complementary function of the rate of responding to 
the alternative bar. In a box with one bar the alter-
native response to which E usually attends is not-
responding. Estes' experiments implement Guthrie's (18) 
recommendation to consider all the activity of the 
organism during the extinction procedure and the re-
sults support the counter-conditioning hypothesis. 
105 
CHAPTER VI - CONCLUSIONS 
1. There is a significant amount of positive transfer 
from the acquisition of a panel-pushing response to 
the subsequent acquisition of a bar-pressing response 
when both occur in the same box. The reverse effect, 
a positive transfer from the prior acquisition of bar-
pressing to the acquisition of panel-pushing can only 
be considered a trend. 
2. There is suggestive, but not significant, evidence 
for a negative transfer from the extinction of the bar-
pressing response to the subsequent extinction of panel-
pushing if the two extinctions are compared over the 
course of ten trials. There is no evidence for the 
reverse effect of transfer from the extinction of 
panel-pushing to the extinction of bar-pressing. 
3. A more marked increment that occurs between the 
first and second extinction trials on either task when 
these trials follow the prior extinction of the other 
task is not statistically significant. However, it 
indicates a trend toward a positive transfer of the 
extinctive effects to the first trial which conflicts 
with the trend to negative transfer noted in {2). If 
this is a positive transfer effect it satisfies 
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Liberman's condition for similar tasks. 
4. The recovery of a partially-extinguished bar-
pressing response is significantly greater after the 
interpolated acquisition of panel-pushing than after 
its interpolated ex tinction, a findin g consistent wi t b 
predictions derived from Hull and Libennan. 
5. The recovery after interpolated extinction is, in 
t urn, significantly greater than after an equivalent 
period of rest. This find i n g conflicts with the i mpli-
cations of both the Hull and Liberman systems. Both of 
these theories predict that the recovery follo win g· in-
terpolated extinction will be, not greater, but less 
than recovery afte r rest. 
6. During t he recovery period the ex tinction group main-
tains its performance level while t he interpolated rest 
group shows a decrement from its partially extinguished 
performance level and the acquisition group shows a 
positive increment. 
7. A system employing (1} the concept o f warm-up and 
(2) t h e generalization of the reinforcing stimulus can 
account f or the present instrumental response data. 
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Recovery during interpolated extinction, greater than 
durin g rest, shows t he effect of warming-up. The 
strengthenin g due to the added reinforcing stimulus 
increases the effect of warm-up and accounts for t he 
greater recovery of the acquisition group relative to 
the extinction group. 
8. Measured by t h e percentage of responses completed 
per trial, the rate of second extinction is a function 
of response strengt h on Trial 1 of second extinction. 
9. This finding (8) can be accounted for as (a) the 
more rapid accrual of reactive inhibition occuring as 
a function of the higher initial rate of respondin g, 
(b) the more rapid acquisition of an interfering re-
sponse, possible non-response, by the group with the 
higher initial rate of responding, or (c) the dissi-
pation of warm-up effects t hat are most pronounced on 
the initial test trials. 
TABLE 17. INTERPOLATED ACQUISITION OR EXTINCTION OF PANEL-PUSHING 
-
.. . 
Trial 
Group 1 2 3 4 5 6 7 8 9 
A 5.97* 3.09 1.65 2.25 2.14 1.63 2.03 1.87 1.62 
E 10.27 4.71 5.91 9.00 13.58 6.97 14.24 15.48 26.79 
* Median response latencies 
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ABSTRACT 
Introduction 
The general fact of spontaneous recovery is that 
after an S-R association has undergone some degree of 
experimental extinction, if the conditioned st~ulus 
is witheld for a period of time, its reapplication will 
eYoke the associated response to a greater degree than 
it did at the conclusion of the original extinction. 
Pavlov, who first noted this relation, anticipated that 
recovery would ultimately be complete. It now appears 
that recovery is a positive growth function negatively 
accelerated in time with an asymptotic value less than 
the original acquired strength of the response. 
Data on spontaneous recovery are limited. There is 
more information on acquisition and extinction. The 
calibration of these events has a higher logical prior-
ity since they are antecedent in the sequence of be-
havior phenomena that eventuates in recovery. The ante-
cedent acquisition and extinction operations also con-
tribute to the variability of the recovery data causing 
them to be relatively unreliable. Parameters of re-
covery so far investigated include recovery time and 
rate, degree of preceding extinction, original response 
strength, number of extinctions and the effect of 
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differential extinction. Recovery has been reported 
in generalized responses, responses acquired through 
secondary reinforcement and in trace and delayed con-
ditioned responses. Liberman has provided the only 
data on recovery as a function of rewarded and un-
rewarded activity interpolated between extinction and 
the test for recovery, and as a function of the simi-
larity of the interpolated activity to the Qriginal 
association. 
Continuous with the theories of response decrement, 
accounts of the spontaneous recovery of the response can 
be grouped around two major concepts, (1} -inhibition and 
(2} interference. Pavlov introduced the concept of in-
hibition as a hypothesized neural state that accumulates 
with each presentation of the sc1 and summates alge-
braically with excitation. When Sc occurs in the 
absence of sul, inhibition exceeds excitation and the 
response is eliminated. When Sc is witheld for a time, 
the accrued inhibition dissipates and the response re-
covers. Graham and Gagne have recast this theory in a 
loose calculus of propositions in which the excitation 
and inhibition concepts retain their functional proper-
ties but are absolYed of surplus physiological meaning. 
Guthrie and Wendt are the most noted proponents 
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of interference as an alternative concept to account 
for decrement. Their hypothesis is that some new re-
sponse becomes attached to the Sc and so displaces the 
for.mer Rel which is said to have been extinguished. A 
variety of this account, called negative learning, 
proposes that the displacing reaction is that of no-
response. 
Miller proposed as interference account of re-
sponse decrement in which the recent interfering 
habits were more rapidly forgotten resulting in the 
apparent recovery of the original response. The ac-
count is weak since it is a matter of fact that for-
getting proceeds at a more leisurely rate than re-
covery. Miller added the factor of disinhibition to 
account for the relative rapidity of recovery. 
Liberman, integrating concepts from both human 
and animal learning, has proposed a more adequate modi-
fication of the Miller theory. According to Liberman, 
response decrement is due to negative learning, the 
effects of which are eliminated by retroactive inhi-
bition during the recovery interval. In this first 
part of his theory forgetting is equated with retro-
active inhibition. In the second part Liberman, 
assuming that extinctive effects generalize more 
broadly than those of acquisition, suggests that the 
forgetting of extinction proceeds more rapidly than 
the forgetting of positive learning. This accounts 
for the accelerated rate of recovery. 
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Hull proposed a dual theory of extinction incorpo-
rating the concepts of reactiTe inhibition and con-
ditioned inhibition or negative learning. The negative 
learning in Hull's scheme is, however, permanent and it 
is the work inhibition component which dissipates as a 
simple decay function of time to result in partial 
spontaneous recovery. 
Liberman performed three experiments to evaluate 
his theory. The first measured the recovery of a buz-
zer-GSRl combination as a function of the interpolated 
acquisition and extinction of tone-GSR and light-CER1 
associations and interpolated rest. His results, while 
not generally significant, tend to support the similar 
implications of both his system and Hull's system that 
acquisition groups recover~ than interpolated rest 
groups while extinction groups show less recovery. It 
is the purpose of this experiment to repeat this desigp 
with animal subjects and instrumental responses. 
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Experimental Procedure 
One hundred and twenty-two albino rats were sepa-
rated into two groups of 29 and 93 rats each. All the 
rats were habituated to a twenty-four hour feeding 
schedule for five days before beginning three days of 
preliminary training intended to adapt them to eating 
pellets in the experimental situation. On Day 9 both 
groups received ten acquisition trials on bar-pressing 
and ten acquisition trials on panel-pushing. The large 
group received bar-pressing first followed immediately 
by panel-pushing. For the small group the order was re-
versed. On the following day, 22 hours after acqui-
sition, the two groups received ten extinction trials, 
the large group on bar-pressing, the small group on 
panel-pushing. On completing Trial 10 of this first 
extinction the large group was subdivided into three 
experimental groups of 31 rats each so that the median 
bar response latencies on Trial 10 were approximately 
equal. One of these experimental groups immediately 
received ten additional acquisition trials on panel-
pushing. A second group received ten extinction trials 
on panel-pushing. The third group rested for an 
equivalent interTal. The small control group received 
ten extinction trials on bar-pressing. 
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Immediately followin g the interpolated activity 
the three experimental groups concluded the experiment 
with ten extinction trials on bar-pressing. 
On all extinction trials response latency was 
limited to 30 seconds. 
Results 
An analysis of the results aimed at disclosing 
evidence of transfer is incidental to our principal 
interest in the effects of the three experimental 
treatments on recovery but it is included because it 
bears on Liberman's functional definition of simi-
lar ity. Two activities are said to be similar if 
there is positive transfer of extinctive effects from 
one to the other. In the present experiment there 
was no significant evidence of transfer of extinctive 
effects. The significance of the intergroup dif-
ferences was determined by adding the chi square 
values and the degrees of freed om obtained for the 
ten individual trials in the extinction series. 
With regard to recovery, the response latencies 
on Trial 1 of the second extinction were converted to 
their logarithmic equivalents to normalize the three 
distributions. The means and standard deviations of 
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the three distributions were estimated using Halperin's 
method and the levels of significance of the differences 
between the means were determined by applying the t-test. 
The experimental group that received interpolated acqui-
sition showed significantly greater response strength on 
Trial 1 of the second extinction than did the extinction 
group. The extinction group in turn showed a signifi-
cantly greater response tendency than the rest group. 
Discussion 
The results of the experiment corroborate the find-
ings from Liberman's comparable study of the GSR in that 
recovery was shown to be significantly greater after in-
terpolated acquisition than after interpolated rest or 
extinction. The two studies, differ, however, with 
respect to the relative recovery of the rest group. The 
rest group in Liberman's two experiments showed more 
recovery than the extinction groups, although the dif-
ferences were not significant. In this study the re-
covery of the rest group was found to be significantly 
~ than that of the extinction group. This divergence 
in the results was anticipated by Ellson's data showing 
the recovery of the GSR to be inconsistent with the re-
covery of the bar-pressing response after rest. 
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Liberman, in his experiments, does not indicate 
the amount of absolute recovery for each group. How~ 
ever~ the recovery during rest of the partially ex-
tinguished bar-pressing response in this study can be 
compared with results rrom studies by Ellson, and 
Graham and Gagne. Ellson found an increase in the 
perror.mance level or a fully extinguished bar-pressing 
response while Graham and Gagne found an increase in a 
fully-extinguished straight running response after a 
rest interval. In this study the rest group showed a 
decrease in response strength. 
Nei t her the Hull nor the Libe1~an theory can fully 
account for these results. Their expectations for the 
outcome of an experiment of this design are derived as 
rollows. 
Hull Dissipation of IR1 during the interpolation period, 
when the original response is not being exercised, is 
common to all groups. Since this is the only factor 
operant in the rest group, the group will show an 
increase in response strength between extinction and 
test for recovery. A second positive factor in the 
acquisition group, generalization of reinforcement, will 
raise the recovered response strength of this group over 
that of the rest group. Generalization of extinctive 
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effects in the extinction group will counteract dissi-
pation of IR, lowering response level on the recovery 
test below that of the rest group. 
Liberman If the rest group in inactive during the re-
covery period there will be no retroactive inhibition 
and no change in its response level. Reinforced re-
sponses by the acquisition group, however, will retro-
actively inhibit the negatively learned response of no 
response. This group will demonstrate a higher re-
covered response level than the rest group. The effects 
of interpolated extinction will generalize to the 
specific negatively learned response so that the re-
covered response level of the extinction group will be 
~ than that of the rest group. 
The present results support the common prediction 
of the two systems that recovery in the acquisition 
group will be relatively greater than that in the ex-
tinction and rest groups. The rest group, however, 
shows a drop in performance level placing it signifi-
cantly below the extinction group on the test for 
recovery. 
A system integrating concepts of warm-up and rein-
forcement is suggested to account for the present results 
and those of Liberman. 
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